Introduction {#Sec1}
============

In 1960, Kouwenhoven et al. \[[@CR1]\]\* described combined chest compression and rescue breathing as basic life support -- cardiopulmonary resuscitation (BLS-CPR) for the first time. In 1974, the first recommendations for CPR \[[@CR2]\]\* were issued and since then international CPR guidelines have been published at regular intervals. Despite a huge number of studies, frequent guideline updates, and international networks, survival rates have essentially not increased in the last few decades \[[@CR3]--[@CR5]\]\*.

Immediate bystander CPR on the scene leads to a significant increase of quantitative and qualitative outcome in sudden cardiac arrest patients with double to fourfold survival rates \[[@CR5]--[@CR7]\]\*. However, training laypersons in CPR is time-consuming and has to be refreshed periodically; instructions on CPR via telephone through a dispatcher (T-CPR) were proven to be an effective and reasonable method to improve the rate of bystander-performed resuscitation \[[@CR8]--[@CR13]\]. In a 2008 literature review, telephone-assisted CPR was shown to have the greatest potential to increase layperson resuscitation \[[@CR14]\].

The fact that T‑CPR is a powerful tool for resuscitation improvement was already postulated by Eisenberg and Carter in the 1980s \[[@CR10], [@CR15], [@CR16]\]. However, T‑CPR was not anchored in the ERC guidelines \[[@CR17]\]\* before 2010 and it took multiple studies before T‑CPR obtained a key position in the 2015 ERC guidelines \[[@CR6]\]. Nevertheless, data on T‑CPR prevalence are still very rare. Much must still be done for T‑CPR to become well standardized and for comprehensive implementation.

The aim of this article is to give an overview of the extensive T‑CPR topic.

Methods {#Sec2}
=======

Studies from the online database PubMed from 1984--2016 were identified using the search criteria "cardiac arrest telephone", "cardiac arrest dispatch", and "dispatcher cpr"; also included in the evaluation were eight articles from PubMed about CPR in general which are marked in this article with an asterisk (\*). In addition, preliminary information from the European Dispatch Center Survey (EDiCeS) abstract by M. Luger presented at 2015 ERC Resuscitation in Prague are included.

Results {#Sec3}
=======

The search criterion "cardiac arrest telephone" resulted in 359, "cardiac arrest dispatch" in 220, and "dispatcher cpr" in 147 hits for a total of 726 hits. For a comprehensive overview, these publications were evaluated looking for data on T‑CPR incidence, criteria for detecting out-of-hospital cardiac arrest (OHCA) by emergency medical dispatchers (EMD), sensitivity and specificity, time delay caused by T‑CPR, T‑CPR protocols, EMD training, T‑CPR with vs. without ventilation and on T‑CPR outcome. Another 42 publications were considered for further analyses.

T-CPR incidence {#Sec4}
---------------

No literature result was found for T‑CPR incidence and little is known about T‑CPR implementation and its practice across Europe and the USA.

Thus, EDiCeS was initiated with the aim to record data from many European dispatch centers (DC) via an online survey. From the 20 involved European countries, 91 DCs and/or dispatch organizations participated in the study covering regions with a total population of 108.7 million, thus, representing 23.7 % of the involved countries' population and 13.4 % of Europe's 742.5 million total population. With 87.6 % of the 91 consulted DCs, the results indicate a high percentage of T‑CPR implementation in Europe.

From the on-scene perspective and according to the German Resuscitation Registry (GRR) reports from 2007--2014, the rate of layperson CPR increased with an important part of T‑CPR provided on the patient. According the 2016 publication from Bohn et al. \[[@CR18]\] who analyzed data of the GRR, the rate of T‑CPR increased from nearly zero in 2007 to about 10 % in 2014. During the same period, the recorded bystander CPR rate increased from 19 to 31 %. Therefore, every third bystander CPR in Germany is now telephone assisted. However, compared to Sweden with a rate of 55 %, the bystander CPR rate in Germany is still low \[[@CR19]\]\*.

Dami et al. \[[@CR20]\] published in a study from the Swiss Canton Waadt a T-CPR rate of 29 % in a well-established T‑CPR system. Included were 1254 patients with assumed primary cardiac OHCA and the following reasons for not performed T‑CPR were compiled:The dispatcher had the opportunity to assess cardiac arrest in 85 % (*n* = 1072). In the remaining 15 % (*n* = 182), the caller was not on site or the patient was conscious at the time of the call.In 71 % (*n* = 895), cardiac arrest was recognized by the dispatcher. The main reason for not recognizing OHCA was insufficient assessment of the patient's breathing.In 54 % (*n* = 683), T‑CPR was proposed by the dispatcher. The reasons for not proposing T‑CPR by the dispatcher were evident death and bystander spontaneous CPR.In 34 % (*n* = 429), the bystander accepted T‑CPR but then the bystander declined T‑CPR because the bystander was unable to move the patient (*n* = 89), because of stress/emotion (*n* = 66), because the bystander believed the patient was dead (*n* = 45) or because the caller was not on the scene any more (*n* = 21).As described above, T‑CPR was performed in 29 % (*n* = 364).

The same author reported in 2010 that the bystander's physical condition was responsible for 58 % and emotional distress for 35 % of cases in which CPR was not carried out, when medically appropriate reasons for not performing CPR were excluded. Medically appropriate reasons for not performing CPR were ambulance arrived before resuscitation could be started, bystander was remoted from scene, patient with terminal illness, bystander believed patient is alive or prolonged down time \[[@CR21]\].

Criteria for detecting OHCA by emergency medical dispatchers {#Sec5}
------------------------------------------------------------

According to the 2015 ERC Guidelines, OHCA has occurred if a patient is unconscious and not breathing normally \[[@CR6]\]. For the layperson the recognition of "not normal" breathing is difficult because up to 45 % of the OHCA patients show "agonal breathing" at the time the emergency call is taking place \[[@CR9], [@CR22], [@CR23]\]. The distinction between agonal breathing and normal breathing is difficult for the layperson at the scene. This is the main reason why T‑CPR is instructed in over 92 % in case of apnea, whereas in 23 % in case of "agonal breathing" \[[@CR22]\]. In another study, agonal breathing is also claimed to be the main reason for the not correctly recognized cardiac arrest by EMDs \[[@CR24]\].

Sensitivity and specificity {#Sec6}
---------------------------

According to the literature, sensitivity of dispatcher-detected OHCA is stated in about 75 % \[[@CR9], [@CR20], [@CR24]--[@CR30]\] with a high fluctuation ranging from 56 % \[[@CR9]\] to 97 % \[[@CR30]\]. According to Dami et al. \[[@CR20]\], poor breathing assessment was the cause of more than half of the missed OHCA cases.

The percentage of non-indicated T‑CPR instructions in patients being not in cardiac arrest vary from 8--45 % \[[@CR25], [@CR29], [@CR31]--[@CR33]\]. The rate of 45 % (*n* = 762) of non-indicated T‑CPR instructions in the study from White et al. \[[@CR31]\] seems to be high but fortunately only 41 % (*n* = 313) of these patients were not in cardiac arrest and received bystander chest compressions. Luckily, consequential injuries are very rare. Of these patients, 12 % later suffer from "discomfort", while 2 % report skeletal injuries such as rip or clavicular fractures. Organ injuries or deaths have not been reported \[[@CR31], [@CR32]\].

Time delay caused by T‑CPR {#Sec7}
--------------------------

According to the reviewed literature, the time interval from emergency call to dispatchers OHCA recognition is 60--170 s and from call to first instructed compression 140--328 s \[[@CR8], [@CR20], [@CR26], [@CR27], [@CR33], [@CR34]\]. Instructions on chest compression combined with rescue ventilation take 1.4 min longer than chest-compression-only instructions alone \[[@CR35]\].

T-CPR protocols, EMD-training and -experience {#Sec8}
---------------------------------------------

Identification of OHCA, bystander instructed CPR, and even quality of T‑CPR can be considerably enhanced by using standardized interrogation protocols and quality assurance programs in the dispatch centers \[[@CR28], [@CR36]--[@CR39]\]. In a study from London \[[@CR36]\], there was a 200 % rise in the number of patients accurately identified as suffering from cardiac arrest after introduction of the Advanced Medical Priority Dispatch System.

Furthermore, the patient's survival in case of OHCA correlates with the dispatcher's experience and number of processed T‑CPRs. In a study from Finland \[[@CR26]\], the hospital discharge rate was 22 % if the individual dispatcher executed less than four T‑CPRs per year, while with experience of four or more T‑CPRs per year the rate increased to over 38 % (*p* = 0.02).

T-CPR with vs. without ventilation {#Sec9}
----------------------------------

Three large-scaled randomized controlled trials were set up to show a superiority of T-CPR with chest-compression-only \[[@CR35], [@CR40], [@CR41]\]. All three studies showed a trend toward better outcome for T-CPR with chest-compression-only but in none of the three studies was the result clinically significant. A meta-analysis of these studies, performed by Huepfl et al. \[[@CR42]\], found a significantly improved chance of survival with chest-compression-only T‑CPR (survival: 14 %) compared with standard T‑CPR (survival: 12 %) with a number needed to treat of 41 patients.

T-CPR outcome {#Sec10}
-------------

In various studies, T‑CPR was found to increase the rate of bystander CPR \[[@CR8]--[@CR13]\]. Bystander CPR is proven to increase OHCA survival by 2--4 times \[[@CR5]--[@CR7]\]. Besides the fact that large-scaled, prospective and randomized trials are lacking, it may be obvious---remembering the facts listed above---that T‑CPR has the potential to raise survival. In a retrospective analysis from South Korea, T‑CPR showed clearly survival benefits. After implementation of T‑CPR survival rates increased from 7.1 to 9.4 % (*p* = 0.001) and good neurological outcome nearly doubled \[[@CR13]\].

In a Finnish study from Helsinki, signs for efficiency of T‑CPR were shown by Kuisma et al. \[[@CR26]\]. In patients with ventricular fibrillation, the survival rate until hospital discharge was 43 % when CPR instructions were given and 32 % when not given. A Japanese study with 1780 children also found a significant increase of 1‑month survival rate with T‑CPR instructions (OR 1.46), but there was only a nonsignificant effect on the improvement in favorable neurologic outcome at 1 month \[[@CR12]\].

Discussion {#Sec11}
==========

According to the available literature, telephone-assisted CPR by experienced dispatchers in a structured dispatch center with defined T‑CPR algorithms has the potential to significantly increase outcome after OHCA regarding number and quality. T‑CPR is a modern and promising concept within the emergency process, but it is not implemented area-wide yet. According to recent study results, consistent implementation with regular quality control must be considered urgent, otherwise it could be judged as an organizational fault. T‑CPR implementation is simple and not associated with enormous material or personnel costs.

The interval from the first telephone ring in the dispatch center to the first advised chest compression often takes too long and varies substantially between studies and the used technique in several dispatch centers. Clearly defined, standardized, and validated interrogation protocols for recognition of cardiac arrest and defined guidance for chest compression measures will decrease the time interval until the first advised chest compression.

Beside other reasons---but mainly caused by the difficult recognition of agonal breathing in OHCA---about 25 % of OHCA situations are not identified by the dispatcher. In contrast, 8--45 % of T‑CPRs which are advised by the dispatcher are not indicated from the point of view of the later arriving EMS professionals. For whatever reason it is a fortunate circumstance that in these patients who are not in cardiac arrest T‑CPR is started about half as often as the instructions are given. Up to now, no sustained harm has happened to these patients. Specificity and sensitivity of the interrogation especially with regard to agonal breathing can be improved via a standardized procedure. Therefore again, it is obvious that a standardized T‑CPR procedure is mandatory.

The studies clearly show that mouth-to-mouth ventilation by untrained laypeople is ineffective and ventilation instructions via telephone are very time-consuming. Hence, in OHCA with assumed cardiac origin, chest-compression-only is the method of choice in the initial CPR phase. In children, special situations like drowning, and after about 8 min of apnea, artificial ventilation is also indicated and may be advised to bystanders who are willing to perform.

Some T‑CPR limitations must be mentioned. If a linguistic or communication problem between the bystander and the dispatcher exists or the bystander is not capable or willing to perform CPR measures, CPR instructions do not make any sense. If the bystander is not able to lift the patient (e. g., from the bed to the floor), if the room is very constricted (e. g., in the bathroom), or if the communication goes via landline (e. g., from another room) or if the bystander uses his mobile phone but is not experienced to activate the external loud speaker, T‑CPR success will be limited.

As no recommendations on the topic T‑CPR exist, indications, content, procedure, and quality control differ widely. Thus, the following are urgently needed and important to improve the chain of survival: preparation and publishing of universal key recommendations for T‑CPR, establishment of interprofessional cooperation and networks, and performing high quality studies to point out strengths and weaknesses of telephone-assisted CPR.
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